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Introduction
Today, aquaculture is gaining importance on the food market and aquaculture production relies on commercial fisheries. Sturgeon aquaculture is a common industry branch in Poland, with commercial production of sturgeons in Poland increasing every year. This corresponds to an increasing demand for sturgeon meat and caviar. The tree main species of sturgeon cultured in Polish fish farms are Siberian sturgeon (Acipenser baeri), Russian sturgeon (Acipenser gueldenstaedti), sterlet (Acipenser ruthenus) and sturgeon hybrids. The relatively abundant broodstocks of sturgeons in Europe create a true opportunity for increasing production of valuable sturgeon products, although natural populations of this fish have been declining.
Sturgeons reared under controlled conditions show rapid growth and reach sexual maturity faster than in nature (CHEBANOV, BILLARD, 2001) . Proper exploitation of broodstock together with innovative technologies should increase farming production in private sturgeon farms in Poland. Fish farms and breeding stations involved in sturgeon broodstock production shoud protect the gene diversity of these fish. Our knowledge of the genetic structure of broodstock should help to preserve the genetic diversity among cultured sturgeon species. Regular monitoring of genetic diversity of spawning populations is very important as well as prevention of any loss of the current polymorphism due to inbreeding and outbreeding problems. The most reliable method for studying gene diversity in broodstock is an application of microsatellite DNA markers (microsatellites). The microsatellite DNA is a powerful genetic marker, useful in many areas of fish genetics and breeding (MCCONNEL et al. 1995 , NIELSEN et al. 1996 , NORRIS et al. 1999 , CHISTIACOV et al. 2005 , CLIFFORD et al. 1998 , FOPP-BAYAT 2004 , FOPP-BAYAT 2009 . Polymorphic microsatellite loci have been frequently applied to the analysis of genetic diversity in fish population, species identification, parentage identification, breeding programmes of food fish and monitoring of gene diversity in cultured fishes (MCCONNEL et al. 1995 , NIELSEN et al. 1996 , NORRIS et al. 1999 , CHISTIACOV et al. 2005 , CLIFFORD et al. 1998 , FOPP-BAYAT 2009 .
The purpose of the present study has been to apply microsatellite DNA fragments to the estimation of gene diversity in Russian sturgeon and sterlet farmed in a Polish fish farm. The results will be applied to testing the purity of hatchery broodstocks in Polish fish farms and will be helpful in increasing the efficiency of selective breeding and performance testing programs of the examined sturgeon species.
Material and Methods
Fin clips were sampled from 47 specimens of Russian sturgeon and 35 specimens of sterlet reared at Wasosze Fish Farm near Konin, Poland. Genomic DNA for amplification of six microsatellite loci: Afu-19, Afu-39, Afu-68, AfuB-68, (MAY et al., 1997 ), Spl-163, Spl-168 (McQuown et al., 2000 was extracted using Chelex 100 method (WALSH et al., 1991 All microsatellite loci were amplified using the Polimerase Chain Reaction procedure (PCR). The primer sequences, annealing temperature and references of studied microsatellite loci in Russian sturgeon (Acipenser gueldenstaedti) and sterlet (Acipenser ruthenus) specimens were described in Table 1 . Reaction mixes and amplification procedures of microsatellite DNA fragments were described by FOPP-BAYAT (2009). Amplification was conducted with a Mastercycler gradient thermocycler (Eppendorf, Germany). Aliquots containing PCR products and reaction buffer were electrophoresed using 6% polyacrylamidae gel, and DNA bands were visualized by the silver staining method (Tegelström, 1986) . Electrophoresis was conducted on a Bio-Rad SequiGen Sequencing Cell-system, and the gel size was 38x30cm. Amplified fragments were sized by comparing migration with two DNA standards: фX 174 DNA/Hinf I DNA
Step Ladder (Promega, Madison, WI, USA) and 25bp DNA Step Ladder (Promega, Madison, WI, USA). The size and intensity of alleles in the studied microsatellite loci was estimated using Densitometer GS-800 with Quantity One software (Bio-Rad). Allele frequencies, observed heterozygosity (H o ), expected heterozygosity (H e ) and polymorphism information content (PIC) values for each locus were computed using the microsatellite toolkit macro for MICROSOFT EXCEL TM (Park 2001) . The gene diversity was calculated based on the heterozygosity value (H). 
Results and Discussion
In the present study, all six microsatellite loci have been successfully amplified in Russian sturgeon and five loci in sterlet. Locus Spl-168 was not evaluated in sterlet because it did not amplify. The gels obtained with each of the six microsatellite loci in the sturgeon species were analyzed with respect to the length of alleles. Table 2 describes the allele frequency at the studied microsatellite DNA loci in Russian sturgeon and sterlet. The size of the alleles at individual loci varied between 84 base pairs (bp) and 272 bp (Table 2 ). In total, 78 alleles were detected in Russian sturgeon and 27 in the studied strain of sterlet. The number of allele per locus ranged from 3 for loci Afu-19 and Afu-39 in sterlet to 23 for locus AfuB-68 in Russian sturgeon ( Table 2 ). The observed number of alleles in Russian sturgeon is larger than in sterlet because of different ploidy status of the studied two sturgeon species. Russian sturgeon is tetraploid (~240 chromosomes) while sterlet is diploid (~120 chromosomes) (FONTANA 1994) . The three of our analyzed microsatellite loci were studied in Russian sturgeon and sterlet by LUDWIG et al. (2001) during studies of genome duplication events and functional reduction of ploidy levels. In this study at locus Afu-19 ten alleles were observed in Russian sturgeon and four in sterlet. Locus Afu-39 were represented by 16 alleles in Russian sturgeon and four in sterlet while at locus Afu-68 28 and 15 alleles were observed in Russian sturgeon and sterlet respectively (LUDWIG et al. 2001 ). The high number of allels per locus observed by LUDWIG et al. (2001) was probably connected to numerous sample of studied fish. The same three microsatellite DNA loci: Afu-39, Afu-68 and Spl-168 were applied in Chinese sturgeon. All the three primer pairs revealed polymorphic loci in Chinese sturgeon (ZHU et al. 2002 Table 2 polymorphic genetic markers, ZHU et al. (2002) distinguished artificially and naturally propagated individuals among juvenile samples of Chinese sturgeon in the estuary of the Yangtze River. Table 3 presents expected heterozygosity, observed heterozygosity, number of alleles and PIC value at studied microsatellite loci in Russian sturgeon and sterlet. The studied groups of fish were characterized by various gene diversity in the analyzed microsatellite loci (Table 3 ). The level of gene diversity (based on observed heterozygosity) in Russian sturgeon was high (0.814-0.880; Table 3 ) except locus Spl-168 (0.404, Table 3 ). The genetic diversity in sterlet approximated from 0.971 at locus Spl-163 to 0.515 at locus Afu-68 (Table 3) . Locus AfuB-68 was the most polymorphic one in Russian sturgeon (PIC-value 0.796, Table 3 ), analogously to locus Spl-163 in sterlet (PIC-value 0.769; Table 3 ).
Recently, microsatellite DNA analyses have been applied in the management of cultured sturgeon species. ZHU et al. (2002) in white sturgeon (Acipenser transmontanus), while Fopp-Bayat (2009) used microsatellite DNA fragments for identification of mixed groups of farmed Siberian sturgeon (Acipenser baeri). In sturgeons, the inheritance of microsatellite DNA loci has been studied, for example in lake sturgeon (Acipenser fulvescens) (PYATSKOWIT et al. 2001 ) and in Siberian sturgeon (FOPP-BAYAT 2008) . As the infrastructure for sturgeon farming in Poland is expanding, genetic management of broodstock in aquaculture is becoming very important for protection of sturgeon diversity. Microsatellite DNA can be applied in many studies on the management of sturgeon fishes, for example the use of microsatellite information in polyploid species, for parental localization, genetic tagging and for estimation of relatedness between possible future breeders.
Conclusions
The present study has clearly demonstrated a potential of genetic assignment of Russian sturgeon and sterlet in aquaculture, providing farmers with a tool to monitor various aspects of production and management. The results of the present study could be applied to testing the purity (or hybrids identification) of hatchery broodstocks in Polish fish farms and increasing the efficiency of selective breeding. The results of the research will provide baseline data for the development of scientific management of farmed Russian sturgeon and sterlet in Poland.
